Abstract. High nitrogen steel of electron beam welding was studied. The highest tensile strength is 919.2Mpa which strength reaches 83.6% of the base metal. Organizations of joint were observed. The results show that austenite is the main organization, and there is a small amount of C/Cr precipitates in the weld zone. Grains of heat affected zone are significantly enlarged. The austenite in the weld zone is mainly in the form of dendrite. And growth direction is perpendicular to the fusion line. The softening range of joint is about 4mm. Hardness is decreased approximately by 20%. The N element content of HNS joint is only half of the parent material with EBW.
Introduction
The increase in energy pressure forces the material to accelerate the development of energy conservation [1] . High nitrogen steel with Ni element replaced by N element has been paid more and more attention, and the N element content is more over 0.4% [2] . There are many advantages to use N element in steel, such as: a. The N element can play a role of solid solution strengthening. b. Compared with Ni, N has stronger impact to promote the formation of austenite. And it also has more efficiency to reduce content of ferrite and strain-induced martensite. c. N could enhance greatly the material properties of anti-pitting [3] . L Zhao [4] studied micro-structure and mechanical properties of high nitrogen steel with laser welding. The results show that HAZ is weak. The properties of HAZ are affected by grain size, precipitates and defects et al. Properties are determined finally by the alloy composition of base metal and the thermal cycle during welding.
EBW has gone through half a century from the 1940s and has many advantages such as high energy density, depth-to-width ratio and cutting off the adverse effects of air under vacuum [5] . Therefore, high nitrogen austenitic stainless steel with electron beam welding is of high interest.
The aim of the paper was to research the connection characteristics of high nitrogen steel with electron beam welding. In addition, Microstructural and mechanical properties of welded joints were also examined.
Material and experimental method
High nitrogen steel (HNS) was selected with dimension of 100mm×50mm×5mm. Chemical compositions and mechanical properties are summarized at Table 1 . Energy spectrum result of HNS is as shown in Fig.3(a) . The samples were carefully polished by sandpaper (400#) and wiped with alcohol before welding. A high-voltage electron beam apparatus, manufactured by AVIC, was used. Schematic structure is shown as Fig.1 Table1. Chemical compositions of the material (wt%) and Mechanical properties of the material. Standard range 1100-1200 800-900 Figure 1 . schematic structure. Table 2 shows the detailed welding parameters of EBW. An optical microscope, a scanning electron microscope (Quant 250FEG SEM) equipped with an energy-dispersive X-ray spectrometry (EDS) system and Bruker D8 X-ray diffraction were used. All samples had passed through standard grinding, polishing, and etching before observation. Microhardness was tested to study its distribution. Vickers Hardness Tester was selected with a load of 0.5kg and a dwell time of 10s. Tensile strength was also measured at room temperature. The size of tensile specimen was prepared according to the standard of GB/T228-2002.
Element

Results and discussion
Characteristics of joint
The microstructures of the joint are shown in Figure 2 . From the optical microscopic images, it can be known clearly that there are four different regions which are base material zone, heat affected zone, fusion zone and weld zone. shows the matrix structure of high nitrogen steel is austenite, and austenite grains are anisotropic with different orientation. After the standard grinding, polishing and corrosion, the surface becomes smooth and no obvious bump exists. Fig.2 (b) presents obvious grain growth. Grains are coarser than that of base metal. The reason is due to the effect of grain growth under the action of heat. Electron beam welding is a high energy welding, and the heat affected zone is narrow which width is about 2 mm. The microstructures of the heat affected zone are mainly austenite and a small amount of δ ferrite. Fig.2(c) shows that there is a significant difference of morphology between the weld zone and the original matrix. The austenite in the weld zone is mainly in the form of dendrite. The dendrite growth direction is perpendicular to fusion line. The reason for this phenomenon is because the temperature gradient is the largest when growth direction is perpendicular to the fusion line. As a result, it is especially beneficial for growth. Fig.2 (d) presents that the weld zone are mainly composed of the austenite dendrite and precipitated phase of carbon. Nitrogen is a strong austenite forming element. So the solidification mode is A mode during the cooling process. Austenitic steel contains some C and Cr elements. Therefore, it is easy to form C/Cr compounds. The XRD result is shown in Figure  3 and verifies the conclusion. 
Microhardness
Distribution of micro hardness of joint was studied and position of test point is along the sample line shown in Figure 1 . The result of hardness distribution is presented in Figure 4 . It can be known that HNS with EBW leads to the softening of the joint. But softening range is about 4mm, and the softening degree is small. Hardness is decreased approximately by 20%.
The weld area was affected by welding heat cycle, which produces hole of nitrogen gas and emission of nitrogen. In the case, the loss of some impact of nitrogen solid solution was appeared, and the hardness value of the weld was slightly decreased. In addition, the hardness value is related to the grain size. Abnormal grain growth of both HAZ and weld zone was occurred during welding. The larger the grain size, the lower hardness value. According to the above factors, the joint presented some softening.
Tensile strength and fracture behavior
In order to characterize the mechanical properties of materials, tensile strength test was carried out. The highest tensile strength is 919.2Mpa which strength reaches 83.6% of the base metal. Therefore, electron beam welding of high nitrogen steel is a very effective way. The fracture morphology of the tensile specimen is shown in Fig.5 . The fracture form of the joint is ductile fracture which is proved by a large number of equal axis dimples. The size of the dimples is basically the same. The process is formation of micro pores and the continuous growth of micro pores under external force. Eventually, fracture occurs. The tensile stress is perpendicular to fracture surface and distribution of tensile stress on the fracture surface is uniform. The growth rate of micro pole in each direction is the same, thus Formation of circular dimple is presented.
Nitrogen element analysis
The nitrogen atoms exist in octahedral site of austenitic FCC lattice in the form of interstitial atoms. Because of the existence of nitrogen atoms, it leads to the distortion of crystal lattice, larger lattice constant, and increase in strength. However, due to the welding process, N elements have some loss in the form of nitrogen compounds or gas. In order to further study the behavior of electron beam welding of high nitrogen steel, the N element analysis was carried out. Chemical compositions of the material after welding are shown in Tab.3.
From Tab.3, it can be known clearly that N element has an obvious loss. Compared with the original parent material, the N element content is only half of the parent material. The process of electron beam welding also shows the obvious decrease of nitrogen content. The reason of this phenomenon may be the action of heat which leads to loss of nitrogen in the form of nitrogen compounds or gas. On the other hand, electron beam welding is in vacuum, vacuum environment will accelerate the nitrogen emission. 2. The main forms of organization of joint are austenite, and there is a small amount of C/Cr precipitates in the weld zone. The growth direction of austenite dendrite is perpendicular to the fusion line in weld zone.
3. HNS with EBW leads to the softening of the joint. The softening range is about 4mm. Hardness is decreased approximately by 20%.
4. N element content of HNS joint is only half of the base material with EBW.
